Introduction
Elemental silicon and germanium and their compounds with oxygen and chalcogens are key technological materials, with applications in electronics, glasses, ceramics and optics. [1] [2] [3] We are currently developing routes to electrochemically deposit the elements and their binary and ternary alloys from both organic solvents and supercritical fluids. [4] [5] [6] In the search for silicon and germanium reagents with appropriate chemical stabilities and solubilities in these media for electrochemical studies, we have explored a variety of coordination complexes, to establish how the properties may be tuned by incorporating various ligands. Most coordination chemistry of germanium(II), germanium(IV) and silicon(IV) involves neutral adducts of the di-or tetra-halides, 7 and cationic complexes are rather rare, while Si(II) halide complexes are limited to Here we report the synthesis of several new Ge(II) monoand dications and Si(IV) monocations based upon neutral triaza-and tetra-aza macrocyclic ligands with a variety of anions. Single crystal X-ray structural studies on representative examples are described and compared.
Experimental
SiCl 4 , SiHCl 3 , Me 3 SiO 3 SCF 3 , [GeCl 2 (dioxane)] and the N-donor ligands were obtained from Sigma Aldrich, except for Me 3 tacn which was prepared using the literature route. 13 
Results and discussion

Germanium(II) complexes
We have previously reported 12 (Fig. 1) also reveals a pyramidal GeN 3 unit, however, in this species there are also weak directional Ge⋯O interactions from one oxygen in each triflate anion at 2.850(2) and 3.179(2) Å, well within the sum of vdW radii for O and Ge (3.79 Å). 17 While there is no evidence for 2 : 1 Me 3 tacn : Ge species ( presumably due to steric clashing of the Me groups on the relatively small Ge(II) centre), the anions present in the products proved to be very sensitive to the reaction conditions; if the reaction of [GeCl 2 (dioxane)], Me 3 tacn and Me 3 SiO 3 SCF 3 was conducted in MeCN solution as described in the . The X-ray structure of this species (Fig. 2) shows the complex forms a weakly associated dimer in the solid state via the chloride bridges (Ge⋯Cl = 3.0254(9), 3.214(1) Å) and with a similar pyramidal 'Ge II (Me 3 tacn)' core.
These Ge⋯Cl interactions are substantially within the sum of vdW radii for Ge and Cl (4.11 Å). One κ 1 -coordinated triflate completes a distorted six-coordinate environment at each germanium centre. The same reaction conducted in MeCN solution, but worked up after 15 min and placed in a freezer, deposited a few rod-like crystals that were identified as [Ge(Me 3 tacn)]-Cl 2 ·MeCN by X-ray crystallography (Fig. 3) . In this case the 'Ge II (Me 3 tacn)' core has two long contacts to the chlorides at 3.028(4) and 3.028(3) Å. The closest intermolecular contact is to a chloride of an adjacent molecule, but the Ge⋯Cl distance is the same as the sum of vdW radii for Ge and Cl (within experimental error), most likely a consequence of crystal packing.
Comparison of the Ge-N distances in this series of complexes shows only small differences as a function of the anion(s) present, suggesting that the structures are dominated by the 'Ge II (Me 3 tacn)' core. All of the Ge-N distances are considerably longer than the sum of the covalent radii (1.85 Å), 18 but well within the sum of the van der Waals radii (3.66 Å).
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The spectroscopic data provide very limited information; the IR spectra show the Me 3 The crystallographically independent Ge2-centred molecule is very similar. Thermal ellipsoids are drawn at 50% probability, and hydrogen atoms omitted for clarity Selected bond lengths (Å) and angles (°): N1-Ge1 = 2.124(10), N2-Ge1 = 2.147(10), N3-Ge1 = 2.154(9), Cl1⋯Ge1 = 3.028(4), Cl2⋯Ge1 = 3.028(3), N1-Ge1-N3 = 80.9(3), N1-Ge1-N2 = 81.2(4), N3-Ge1-N2 = 80.8(4). X-ray diffraction were obtained by layering an acetonitrile solution of the complex with diethyl ether. The structure (Fig. 4 ) also shows the Ge(II) centre coordinated to a tetradentate Me 4 cyclen macrocycle with the Ge-N bonds alternating shortlong-short-long around the ring, Ge-N = 2.165(6)-2.244(5) Å, with the Ge lying 1.009(3) Å above the mean N 4 plane. In both complexes the methyl substituents on nitrogen are directed to the same side of the plane as the germanium centre. There are no significant interactions to the triflate anions, therefore, the germanium is in a highly distorted square planar, or tetragonal pyramidal, environment. The X-ray crystal structure of the chloride reveals a mer-geometry ( despite the different donor arrangements. The geometry is also similar to that found in mer-[SiHCl 2 ( pmdta)] + (which has H trans to Cl). 22 The spectroscopic data are unexceptional, but consistent with the mer geometries, although it is notable that the terminal -NMe 2 groups appear as a broad singlet rather than the two resonances expected due to the inequivalence produced by is in contrast with the κ 2 -coordinated pmdta adduct formed with SiF 4 , reflecting the much higher Si-F bond strength.
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Conclusions
Two series of complexes with neutral aza-macrocyclic coordination to Ge(II) and Si(IV) are reported and structurally characterised. 
